Adult patients treated for E. coli bacteremia in four hospitals were retrospectively evaluated. The 30-day mortality rates in patients belonging to the ESBL-CF, ESBL-carbapenem, and non-ESBL-CF groups were compared as 2 (empirical and definitive therapy) cohorts. The adjusted hazard ratios (aHRs) for mortality were calculated using Cox regression models with weighting according to the inverse probability of propensity scores for receiving CF or carbapenem treatment. The empirical-therapy cohort included 104 patients (ESBL-CF, 26; ESBL-carbapenem, 45; non-ESBL-CF, 33), and the definitive-therapy cohort included 133 patients (ESBL-CF, 59; ESBL-carbapenem, 54; non-ESBL-CF, 20). The crude 30-day mortality rates for patients in the ESBL-CF, ESBL-carbapenem, and non-ESBL-CF groups were , respectively, 7.7%, 8.9%, and 3 .0% in the empirical-therapy cohort and 5.1%, 9.3%, and 5.0% in the definitve-therapy cohort. In patients without hematological malignancy and neutropenia, CF treatment for ESBL-EC patients was not associated with mortality compared with carbapenem treatment (empirical-therapy cohort: aHR, 0.87; 95% confidence interval [CI], 0.11 to 6.52; definitive therapy cohort: aHR, 1.04; CI, 0.24 to 4.49). CF therapy may represent an effective alternative to carbapenem treatment for patients with ESBL-EC bacteremia for empirical and definitive therapy in adult patients who do not have hematological malignancy and neutropenia.
B acteremia caused by Escherichia coli is a common and significant problem in both community and health care settings (1) . In recent years, the prevalence of extended-spectrum ␤-lactamase-producing E. coli (ESBL-EC) has increased dramatically worldwide. Effective treatment of ESBL-EC bacteremia has become challenging because ESBL-EC is usually resistant to cephalosporins, the first-line drug used for E. coli infections (2) . At least partially due to the delay in effective treatment regimens, bacteremia caused by ESBL-EC is associated with a higher mortality rate than that caused by non-ESBL-EC (3) . Currently, the standard therapy for ESBL-EC bacteremia is virtually limited to carbapenems (4, 5) . Alternate therapies involving fluoroquinolones, sulfamethoxazole-trimethoprim, and aminoglycosides offer limited efficacy due to frequent coresistance mechanisms in ESBL-EC (2) . To prevent carbapenem overuse and spread of carbapenem-resistant Enterobacteriaceae, alternative drug regimens are needed (6) .
␤-Lactam/␤-lactamase inhibitors and cephamycins (i.e., cefmetazole, cefoxitin, cefotetan, moxalactam, and flomoxef) are usually stable to hydrolysis by ESBLs (2) . The MICs of ␤-lactam/ ␤-lactamase inhibitors can increase as the inoculum increases (7) ; however, cephamycins (cefotetan and flomoxef) exert in vitro antibacterial activity even in the presence of high inocula (8, 9) . Clinical data for ␤-lactam/␤-lactamase inhibitors obtained with a large cohort of patients by using propensity score analysis have been published, but the conclusions are inconsistent (10, 11) . In Japan, cefmetazole and flomoxef (CF) are frequently used to treat intra-abdominal infections or as prophylaxis for surgery. Thus, Japanese clinicians have sometimes used CF therapy for sepsis or bacteremia as empirical therapy or as definitive therapy when susceptibility was confirmed. However, clinical data evaluating the effectiveness of cephamycins for ESBL-EC bacteremia have not been reported yet.
In this multicenter retrospective study using propensity score analysis, we evaluated the effectiveness of empirical and definitive CF treatments for ESBL-EC bacteremia in comparison with standard carbapenem therapy. We also evaluated patients with non-ESBL-EC bacteremia who were treated with a CF regimen to investigate potential associations between ESBL production and patient outcomes when E. coli bacteremia was treated with CF therapy.
MATERIALS AND METHODS
Setting and study design. This retrospective study was conducted at four acute-care hospitals in Japan: the Kyoto University Hospital, the Kyoto Prefectural Medical University Hospital, the Kyoto City Hospital, and the Kyoto-Katsura Hospital. All the bacteremic patients in our hospitals were reported to and followed up by our infectious-disease physicians. Changes in antimicrobial treatment and general management were advised if considered necessary. The Ethics Committee of Kyoto University Graduate School and the Faculty of Medicine (E1835) approved this study and waived the need to obtain informed patient consent.
Patients older than 15 years of age with bacteremia due to E. coli were enrolled in this study between January 2005 and April 2014. Each patient was included in the study (limited to one episode per patient) at the time of the initial positive blood culture. Patients who died within 24 h of the onset of bacteremia or due to polymicrobial bacteremia were excluded. Two cohorts were defined and analyzed separately in a manner similar to previous studies (10) . The empirical-therapy cohort (ETC) included patients who received empirical therapy with CF or carbapenem monotherapy, whose first dose was administered during the first 24 h after the blood culture had been drawn, and whose isolate was susceptible to the empirical antimicrobial administered. The definitive-therapy cohort (DTC) included patients receiving definitive monotherapy with an active CF or carbapenem administered for Ն50% of the total duration of antimicrobial therapy. Two types of comparisons were performed for both cohorts ( Fig. 1) : the comparison between patients with ESBL-EC bacteremia who received CF (ESBL-CF) and those who received carbapenem (ESBL-CARBA) and the comparison between the ESBL-CF group and patients with non-ESBL-EC bacteremia who received CF (non-ESBL-CF). To assign the cohorts, we reviewed the medical charts of all of the patients with ESBL-EC bacteremia and reviewed the randomly selected charts of half of the patients with non-ESBL-EC bacteremia to find patients in this demographic who received CF therapy.
Variables and definitions. The cases of bacteremia were categorized as nosocomial, health care associated, or community acquired in accordance with criteria by Friedman et al. (12) . Neutropenia was defined as an absolute neutrophil count below 500/mm 3 . Empirical therapy was considered appropriate when an active antimicrobial agent, determined by in vitro susceptibility testing, was administered at the usual recommended dose within the first 24 h after blood sampling.
The clinical information acquired from the medical charts included age, sex, length of hospital stay before bacteremia, history of isolating the ESBL-producing bacterial strain, receipt of immunosuppressive therapies during the previous 30 days, any antimicrobial therapy during the previous 30 days, underlying diseases, Charlson score (13), surgery during the previous 30 days, neutropenia, presence of an intravenous catheter or any other artificial device, SOFA (sepsis-related organ failure assessment) score (14) , presence of severe sepsis or septic shock (15) (the previous 4 factors were assessed at the time of blood culture collection), site of infection (all of the above variables were regarded as baseline characteristics), antimicrobial regimen, and patient outcomes.
The primary outcome measure was the 30-day mortality rate. Clinical success within 30 days from the onset of bacteremia was also assessed and was defined as a complete response and no relapse within 30 days or before patient death, and no need to change the antimicrobial regimen due to ineffectiveness or other adverse events. The time of response to treatment was assessed every 24 h after the start of antimicrobial therapy, and a complete response was defined as the resolution of fever, leukocytosis, and all signs of infection. Relapse of infection was defined as the isolation of the same organism from the infection site or blood with the associated clinical symptoms.
Microbiological analysis. At each hospital, microbiological identification was carried out using the Vitek2 (bioMérieux, Marcy l'Etoile, France) or the MicroScan (Siemens Healthcare Diagnostics, Tokyo, Japan) system. Antibiotic susceptibility was evaluated by microdilution using the Dry Plate Eiken (Eiken, Tokyo, Japan) or the MicroScan system. The results were interpreted based on the 2009 CLSI breakpoints (16) . In each hospital, isolates were reported as susceptible to flomoxef at a MIC of Յ8 g/ml in reference to the CLSI breakpoint for moxalactam (Յ8 g/ml). The same criterion for flomoxef was used in this study. A subset of isolates stored in a freezer was sent to Kyoto University and was re-evaluated by microdilution using the Dry Plate Eiken to obtain MIC distribution data for CF.
ESBL screening was performed according to the CLSI microdilution method (cefpodoxime MIC Ն 8 g/ml, cefotaxime MIC Ն 2 g/ml, ceftazidime MIC Ն 2 g/ml, or aztreonam MIC Ն 2 g/ml) (16) . The ESBL confirmation test was performed using cefotaxime-clavulanate and ceftazidime-clavulanate disks according to CLSI guidelines (16) .
Statistical analysis. Categorical variables were compared using Fisher's exact test, whereas continuous variables were compared using the Mann-Whitney U test. A Cox proportional hazard regression or logistic regression model was used to determine the association of CF treatment with patient outcomes. To minimize baseline characteristic differences between the ESBL-CF and ESBL-CARBA groups, a propensity score-adjusted analysis was conducted in addition to an unadjusted analysis. The propensity score was calculated using a nonparsimonious multivariate logistic regression model, in which the outcome variable was the use of CF as empirical or definitive therapy. The stabilized inverse probabilities of the treatment weights were used to estimate the average treatment effects of CF compared with carbapenem (17, 18) . The balance of each group was determined by standardized biases of Ͻ0.25 for all variables representing baseline characteristics (17) . If balance was not achieved, other multivariate logistic regression models were attempted by restricting variables using a forward stepwise procedure until balancing was achieved. A P value of Ͻ0.05 was considered statistically significant. We conducted our statistical analysis using Stata version 13.1 software (StataCorp, College Station, TX, USA). The standardized biases were calculated using R version 3.1.2 software (R Foundation for Statistical Computing, Vienna, Austria) and the twang R package (R Toolkit for Weighting and Analysis of Nonequivalent Groups).
RESULTS
During the study period, a total of 1,440 E. coli isolates were recovered from patient blood, 203 (14%) of which were positive for ESBL (ESBL-EC) based on results from the confirmation test. The ETC included 104 patients (ESBL-EC, 71; non-ESBL-EC, 33), and the DTC included 133 patients (ESBL-EC, 113; non-ESBL-EC, 20). Of the ETC and DTC patients, 70 (ESBL-EC, 58; non-ESBL-EC, 12) were included in both cohorts ( Fig. 1 ).
Antibiotic susceptibility. All of the E. coli isolates in this study were susceptible to imipenem and/or meropenem. A total of 121 ESBL-EC and 45 non-ESBL-EC isolates were stored and re-evaluated for the MICs of CF in these strains; 94.2% of ESBL-EC and 100.0% of non-ESBL isolates were susceptible to cefmetazole. The MIC 50 and MIC 90 (MIC at which 50% and 90% of the isolates were inhibited, respectively) were Յ1 and 2 g/ml in ESBL-EC and Յ1 and 8 g/ml in non-ESBL-EC isolates. In total, 98.3% of ESBL-EC and 97.8% of non-ESBL isolates were susceptible to flomoxef. The MIC 50 and MIC 90 were Յ1 and Յ1 g/ml in ESBL-EC and non-ESBL-EC isolates. Of the 167 patients in the ETC and DTC, 98.4% and 98.2% of ESBL-EC isolates were susceptible to cefmetazole and flomoxef, respectively, and all of the patients with isolates that were not susceptible to CF received carbapenem. All of the non-ESBL-EC isolates were susceptible to CF.
Empirical therapy cohort. The ESBL-CF, ESBL-CARBA, and non-ESBL-CF groups were comprised of 26 patients (cefmetazole, 13; flomoxef, 13), 45 patients (meropenem, 36; imipenem, 8; panipenem, 1), and 33 patients (cefmetazole, 21; flomoxef, 12), respectively. Regarding dosage regimens, Ͼ90% of the patients in each group received the following intravenous doses (or adjusted equivalent in the case of renal failure): cefmetazole, 1 g/8 h; flomoxef, 1 g/8 h; meropenem, 1 g/8 h or 0.5 g/8 h; imipenem, 1 g/8 h or 0.5 g/8 h; and panipenem, 0.5 g/6 h. The clinical characteristics of each group are shown in Table 1 .
The crude 30-day mortality rates were 7.7% in the ESBL-CF group, 8.9% in the ESBL-CARBA group, and 3.0% in the non-ESBL-CF group. The relationship between the crude 30-day mortality and the CF MICs is shown in Table 2 . Unadjusted Cox regression analyses of the mortality rates indicated that the ESBL-CF group had a hazard ratio (HR) of 0.83 (95% confidence interval [CI], 0.15 to 4.53) compared with the ESBL-CARBA group and an HR of 2.64 (CI, 0.23 to 29.1) compared with the non-ESBL-CF group. The clinical success rates and the times to complete response were similar in the three groups (Ͼ90% and 3 to 4 days, respectively). Table 3 presents the propensity score-adjusted analysis, which included only patients without hematological malignancy or neutropenia, because the ESBL-CF group did not include these patients. Compared with carbapenem treatment, empirical treatment with CF for ESBL-EC bacteremia was not associated with mortality (adjusted HR, 0.87; CI, 0.11 to 6.52) and demonstrated similar clinical success rates (100% and 96.5%, respectively).
Definitive therapy cohort. The ESBL-CF, ESBL-CARBA, and non-ESBL-CF groups were comprised of 59 patients (cefmetazole, 33; flomoxef, 26), 54 patients (meropenem, 47; imipenem, 6; panipenem, 1), and 20 patients (cefmetazole, 11; flomoxef, 9), respectively. The dosage regimens were similar to those described for the ETC. The clinical characteristics of each group are presented in Table 4 .
The crude 30-day mortality rates were 5.1% in the ESBL-CF group, 9.3% in the ESBL-CARBA group, and 5.0% in the non-ESBL-CF group. Unadjusted Cox regression analyzes of the mortality rates indicated that the ESBL-CF group had an HR of 0.53 (CI, 0.12 to 2.20) compared with the ESBL-CARBA group and an HR of 1.04 (CI, 0.10 to 10.0) compared with the non-ESBL-CF group. The clinical success rates were similar among the three groups (Ͼ90%). Table 3 presents the propensity score-adjusted analysis, which included only patients without hematological malignancy or neutropenia, because the ESBL-CF group did not include these patients. Compared with carbapenem treatment, definitive CF treatment for ESBL-EC bacteremia was not associated with mortality (adjusted HR, 1.04; CI, 0.24 to 4.49) and demonstrated similar clinical success rates (98.4% and 96.3%, respectively).
DISCUSSION
In this multicenter retrospective study using a propensity scoreadjusted analysis, the superiority of carbapenems to CF for empirical and definitive treatment of ESBL-EC bacteremia could not be shown regarding the 30-day mortality rates and clinical success. To date, 5 reports have evaluated the efficacy of cephamycins for the treatment of infections ESBL-producing members of the Enterobacteriaceae (8, (19) (20) (21) (22) . All of these single-center retrospective studies included a small number of patients and a control group comprised of patients receiving carbapenem. Lee et al. evaluated 7 patients who were diagnosed with Klebsiella pneumoniae bacteremia and received definitive flomoxef treatment; the 14-day mortality was similar to that of the controls (8). Doi et al. evalu- (21, 22) . Flomoxef treatment was associated with higher mortality than that of the controls. The results from these studies are inconsistent; however, this could be explained at least in part by the heterogeneity in the bacterial species, the sources of infection studied, differences in the population demographics, and the definitions of patient outcomes. In nonrandomized controlled trials, antimicrobial regimens are selected by the clinicians, which entails a degree of bias and makes direct comparison the outcomes difficult (17) . Clinicians often treat severely ill patients with carbapenem, which affects the mortality rate of these patients (10) . In fact, the crude mortality rates and severity of illness of the ESBL-CARBA group were higher than those of the ESBL-CF group, which is consistent with our expectations. Propensity score analysis is the current gold standard among strategies to analyze observational data (23) and is considered superior to multivariate regression models in reducing biases between groups, because it uses many covariates, entails a degree of adjustment (balancing), and can be used even for a small number of events (24) . Therefore, we believe that our propensity score-adjusted analysis may provide more reliable data than previous reports.
In the ETC, the ESBL-CF group had a higher mortality rate than the non-ESBL-CF group, but clinical success was observed in all of the ESBL-CF patients. These results suggest that the clinical efficacy of CF is not associated with ESBL production. Of the f This patient received cefmetazole and died after completion of the treatment due to underlying liver cirrhosis and malignancy. The MIC of cefmetazole was Յ1 g/ml. g One patient experienced acute prostatitis, which recurred 12 days after the completion of the antimicrobial treatment, including cefepime for 2 days followed by cefmetazole for 6 days and faropenem for 3 days. The MIC of cefmetazole was Յ1 g/ml. h Three patients died before achieving a complete response. Another patient experienced acute pyelonephritis, and recurrent bacteremia was observed 4 days after the completion of an antimicrobial regimen consisting of cefotiam for 3 days followed by meropenem for 18 days. The MIC of meropenem was Յ0.25 g/ml. Neither of the isolates of the recurrent episodes developed resistance to cefmetazole or meropenem. i Data are medians (interquartile range).
ESBL-CF and non-ESBL-CF groups in the ETC and DTC, only patients who received cefmetazole died or did not achieve clinical success within 30 days. However, the deceased patients achieved a complete response before death, and a single patient who relapsed did not receive adequate duration of treatment. These results do not indicate inferiority of cefmetazole to flomoxef. Some limitations of this study should be noted. First, due to the retrospective nature of our study, all measured or unmeasured confounders may not have been properly controlled. Second, we analyzed patients who received CF as a combined group, not separately. Clinicians usually do not discriminate between these agents. Moreover, the ESBL-EC isolates analyzed demonstrated high rates of susceptibility to both antibiotics. Third, the number of patients included in this study is small with respect to statistical power; however, to our knowledge, this is the largest study to date evaluating cephamycins for the treatment of ESBL-producing Enterobacteriaceae and the first study evaluating cephamycins for the treatment of ESBL-EC. Fourth, we could not characterize the ESBL genes or investigate the MIC distribution for all of the study isolates.
In conclusion, cefmetazole and flomoxef represent viable alternative antimicrobial agents for the treatment of ESBL-EC bacteremia as empirical and definitive therapies in adult patients who do not have hematological malignancy, neutropenia, or polymicrobial bacteremia. Larger prospective studies or, ideally, randomized controlled trials are required to define the exact efficacies of cephamycins.
